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Abstract, We have made a stat isticalstudy of the spatial distribution of low
frequency waves (-0.01-0.1 Hz) in the region upstream of the pre-dewn to dawn side
bow shnck (-50 Re < X < 15 Re) using both GEOTAIL and ISEE-3 magnetometer
data. We have found that the wave amplitude dependence ou D and X,, where D is

. the distance from the bow shock and X, the x-coordinate position of shock foot point
of the IMF, can be described by a functional form of A exp(X,/l.x - £?/Lv), with the

characteristic attenuation distances, Lx ~ Lp ~ 50 Re.
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Introduction.

The low frequency (< proton Larmor fiequency) shock upstream waves have
been studied extensively in the context of the wide-spread dissipation process at the
quasi-parallel shock [Fuirficld, 1969; Hoppe €t al., 1981; Le and Russell, 1992 and
references therein], At the shock front, suprathermalions (> several keV) are injected
upstream by the specular reflection process [Paschmann et al., 1080] and/or the process
intrinsically related to the shock formation process itself [H%& et al., 1990; Scholer
and Burgess, 1992], These ions then excite low frequency magnetic waves through the
ion-ion beam cyclotron instability [Barnes, 1970; Watsnabe and Terasawa, 1981; Winske
and Leroy, 1985). Extensive studies of these wave and ion properties, however, have
been made mainly for the upstream region of X >-10 Re, and the study of upstream
region of X < —10 Re is quite Hmited. In this letter, we present the result of st at istical
study of wave amplituide distribut ion in the wide region of -50< X < 15 Rc, utilizing
the magnetic field data from both ISEE-3 and GEOTAIL spacecraft,

Observat ions.

Figure 1 shows the orbits of t hese two spacecraft projected onto t he GSE (geocentric
solar ecliptic) XY and X2 plenes. A dashed curve in Fig, 1 shows the nominal shock
location [Faérficld, 1971], (Average solar wind aberration is assumed to be 40,) The
ISEE-3 spacecraft traveled the upstrean region of the pre-dawn bow shock during the
period of 24-30 September, 1983, Terasawa et al. [1985] dircussed the properties of
euergetic jons (>30 keV) observed during this upstream interval, and concluded that
the acceleration of these ions mainly occurs in the near-earth upstream region, end that

the particle acceleration at the distant bow shock is weak. In this peper, we study the
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upstrean wave activities observed with ISEE-3 magnetic fleld experiment (Frandsen et
al., 1978]. A decade after (5 -9 August,1993), the GEOTAII spacecraft went through
the upstream region of the pre-dawm bow shock on an orbit similar to ISEE-3's but
cloger to the nominal shock surface. The magnetometer experiment {Kokubun et al.,
1994 also showed tho existence oOf large amplitude low frequency wave activity during
this upstream period.

Figure 2 and 3 show the 5 min averages of 3 sec magnetic field data from ISEE-3
and GEOTALIL, respectively, Panels show from the top the total magnetic field intermit y
B, the longitudinal angle 8, and the szimuthal angle ¢ (in the GSE coordinstes). The
bottom panels show the normalized fluctuation amplitudes 6B, /|B|, where 6B, is the
,5-rein standard deviation of the magnetic field fluctuation in the direction perpendicular
to the average magnetic fleld direction, To avoid the eflect of solar wiud discontinuities
or bow shock crossings on § B, ,we have wade the following selection: First, we compare
B,0,and ¢ for successive 5-min intesvals, of which the start times are shifted by 1
i, If either B, 8, or ¢ changed more than 1nT, 2, or 4°, we exclude these intervals
from the plots of 65, /| B|, as well aa from the following statistical analysis. At the top

of Fig. 2 and 3, shaded bars indicate when the spacecraft were upstream of the bow

shock. Since GEOQTAIL cruised close to the nominal bow shock location, it crossed more
frequent ly the shock front than ISEE-8 did. The ISEL-3 obser vat ion during the period
of 2526 September 1983 is not included, since this interval was affected by the passage
of acorotating solar wind stream [ Terusqwa et al. 1985].
The magnelic fluctuation shown in the bottom panels of Fig. 2 and 3, were kept
’ at high level (~0. 1-0.8) throughout the 1 pst ream observation intervals except some
intermittent disappearances. ; krom the inspection of the high time resolution maguetic
fleld data (6 Hz and 16 Hz sampling for ISEE-3 and GEOTAIL), we have confirmed
that these large amplitude fluctuation indicated the existence of the upstrean waves

of ~0.01-0.1 Hz, Figure 4 shows a typical example of the prover spectrum of the
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perpendicular component observed during the interval of 1 :x9-1 :48U7T on 6 August,
1993. A broad peak around 0.05 Hz with & high frequency tail is similar to what is
usually observed in the near-earth upstream region several Re behind the ion foreshock
boundary [Le and Russell, 1992], Since Terasswa ct al.[1985] showed that the intensily
of upstream ions (> 30 keV) in the pre-dawn upstream region is maximized when the
IMF is in tho nominal Parker’s spiral direction (8 ~ 0° and ¢ ~135° or 3150), we have-
checked how wave intensity depeuds ynthe IMF direction arid found dependence similar
to that found for the fon intensity. ‘ To make a statistical stundy, we have selected 163
(05) mm-overlapping 5-rein intervals from ISKE-3 (GEOTAIL) observations, during
which the IMF had f = ¥ + 15° and ¢ = 135 = 30° or 315 + 30°, The normalized
fluetnation amplitudes 6B, /|B| for these selected intervals are shown in Figure 5a and
5b, where the abecissa represents the coordinate X,, which is the Xqsw coordinate of
the shock foot point of & nominal IMF line (i.e. a field line with §=0° and ¢=135° or
816°) paining through each of these spacecraft. The GEOTAIL observationon Aug. 5
1999 is wot iucluded in Fig. 5b, since the spacecraft, position was >5 Re behind the
nowinal shock position (Fig. 1).

We observe in Fig. 5a and 5b that the wave amplitudes show dependence on X,
increasing toward the shock subsolar point (at X, ~ 14 Re), Fig. 5cshows the dist ance
D aong the IMF line from the nomina shock surface to the spacecraft, which we expect
to be enother controlling factor of the wave iu tensity. Since GEQOTAIL was close to
the bow shock, the dataset seeius to have included large amplitude waves within the
shock ramp regioun. In Fig. 8b, the nominal upstreamintervals (open circles for 45
intervals) are discriminated from the near-gshock intervals (dots for 20 intervals), within
30 min of which GEOTATL crossed the bow shock. Solid curves in Figure a and &b are
the reanlts of the |east-square fitting of the functioned form of A exp(X,/Lx ~ 2/ Lp)
to the combined data sets of ISEE 3/G EOTAIL observat ions, where the uear-shock
intervals for G EOTAIL were omitted, The at tenuation dist ances are Lx = 545- 9Re
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and £p = 514 82Re with A = 0.404-0,04, Accounting the difference in numbers of
5 ruin intervals, we have set the statistical weights ot ISEE-3 and GEOTAIL with o
ratio of 1:4. The above statistical result shows Lx ~ Ly, Including the GEOTAIL
near-shock data, we obtain Ix = 554. 10Re and Ly~ 36& 16Re with A= 0.43A 0.04
(dashed curves in Fig. 5a and 5b). In this calculation Ly is significantly smaller than

Lx, However, Ipeecms to be underestimated here owing to the contarnination of data

within the shock-ramp region,

Discussion.

We have compated the upstream wave observations from ISKEE-3 and GIN-WAIL,
whose scquinition times were separated over a deecade.For such a comparison to be
possible, we should have a similar rolar wind condition, The basic solar wind parameters
are tabulated in Table la and |b [Rame et al, 1978; Fronk et ol,, 1994). AsS scen in
the tables, the solar wind conditions were not completely identical: The Alfvén Mach

numbers Ma in the GEOTAIL period were generally larger than those iu the ISEE-3
period. (Note that this difference in Ma is mainly caused by the higher number densities
in the latter period than the former. The ranges of the satar wind velocity themselves
overlapped, and were within the nominal variation width. ) Under the high 2a condit ion
the bow shock surface is expeeted to shrink behind the noriinal position, so that the
actual fleld-aligned distance I for GEOTAIL would be larger than that shown in I'ig.
5¢. The underestimation of I for GEOTAIL might have led us to overestimate the
attenuation distance Ln. However, the fact that we observed bow shock crossings on
Aug. 7 indicates that the effect of high M, on the shock position was not substantial,
For complete discussion, we should use the fast magnetosonic Mach number AMp
instead Of Ma. Unfortunately, My for the ISEE-3 period iS not available, since the ion
temperature was not known. ¥or the further refinement of the estimation of Ly, and 2.,

we are awaiting the compilation of the dataset from the another GEOTAIL orbit in the
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period of June-July 1994 when the sparecraft prosed through the region more upstrearn
than those in Fignre 1.

We have found that the characteristic attenuation distences along the IMF, Lp,
and along the shock surface, Lx, arc ~ 80 Re.These attenuation distances are much
longer than that obtained in the near-earth upstream region (~ 15 Re, Fatrfield, [1969])
and that for the discrete wave packels (~2- 3 Re, Le and Russell, [1992]). 7 e difference
in attenuation distances may reflect different physieal processes working iu the different
pasis of the upstream region: The shortest distance from I.e and Russell suggests that
the whistler wave packet probably disperse very rapidly, Fairfi eld’s number seems to
simply represent the distance for which tho ions can travel before their isotropizaion by
the self-excited waves (seo, e.g. Mitchell et al. [1983]). ‘ The waves discussed iu this paper

have had more time to evolve spatialy and temporally than waves treated in two earlier

papcre. Since the particle observation (lous of >30 keV) suggests that there is not a
lot of additional free energy in the pre dawn upstream region [ Jerasawa et al., 1985],
the large scale size there would imply that the waves are not rapidly damped, However,
to study the variation of the mailable free energy, we should wait for the observational

study of several -30 keV ionsin this region, which wc shall plan to start in near futuce.
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Figure 1. ISEE-3 and GEOTAIL orbits dwing
the perioda on the GSE-XY planc, betweon 23
September and 1 October, 1983, and between 4 ond
10 August, 1993, respectively. The X% projection
(panel a, top) and the XY projection (panel b,
bottom) are shown. Stars show the positions at
00 UT of each day. A darhed curve in panel b

shows the nominal bow shock surface.

Figure 2. ISBD-J observatlon of the magnetic
ficld. The intensity B, tlie latitudinal zugle 6,
the szimuthal angle ¢, the normalized fluctuation

amplitude (sec text) are shown from the top.

Figure 8. GEOTAIL obscrvetion of the magnetic

field with the same formaot as Fig. 2.

Figure 4. The power apectrum of the magnetic
field fluctuation perpendicular to the averaged field
direction. (' The spectrum is calculated from 4£00
point Fourier transfarmation with 5 degrees of
freedom,) Observatinn wasa made between 1:38 and
1:48 UT on 6 August, 1993. I'he dot line is proton
cyclotron frequency.
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Figure &. Panela s and b ShOwW the normalized
amplitudes of the wpatream tranaverse magnotic
fleld fluctuation observad by ISEE-8 (top) snd
GEOTAIL (middle), respactively. Panel ¢
(bottom) shows the distances £J from the nominal
bow shock surface t0 the spacecraft. 'I'he enrves
in panels a and b are the result of the exponential

functjou fitting (see text).
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Tuble |la. Solar wind parameters for the ISEE-3

upstream interval

dete velocity density maguetic Ma

yymmdd (km/s) (1/cm®) field (@T)

830922  510.630 24 6-7 6-7
830928 4R0.800 3.6 6-7 6-8
830929  420-480 2-5 b-6 8-9

830930 3s0-390 2-b 5-6 4.7

Table |D.  Solar wind parameters for the
GEOTAIL upstraam interval

dato velocity  density magnetic My

yymmdd (km/s) (1/cm?) field (117T)

930806 421-465  &-18 7-8 8.11
980807 387-438  7-13 7 711
930808 462-303 3-8 b-7 6-11
990809 468-487 6-8 7 “(1u
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